Although extinction has attracted considerable attention in recent years, there has been very little empirical work on extinction during development. Using Pavlovian fear conditioning, the authors provide evidence for developmental differences in extinction. Specifically, Postnatal Day (PND) 23 rats exhibited recovery of an extinguished freezing response to an auditory conditioned stimulus when tested in a context different from that in which extinction occurred (i.e., renewal) or when injected with the gamma-amino butyric acid (GABA) inverse agonist FG7142 prior to test. In contrast, PND 16 rats failed to exhibit either of these effects, although a subsequent experiment demonstrated that FG7142 alleviated spontaneous forgetting in PND 16 rats. Taken together, it appears that there are fundamental differences in the processes involved in extinction across development.
Learned fear is extensively studied in the laboratory, and the most common way of producing learned fear in the laboratory involves a Pavlovian conditioning procedure in which an initially neutral conditioned stimulus (CS) is presented with an aversive unconditioned stimulus (US). Subsequent presentations of the CS elicit a variety of fear behaviors (e.g., freezing; Blanchard & Blanchard, 1969) . These learned fear reactions, however, can be reduced by repeatedly presenting the CS without the US. This procedure is referred to as extinction. Extinction has attracted increasing attention over the past decade, at both the behavioral and the neural levels of analysis (for review, see Davis & Myers, 2002) . This increased interest in extinction is partly fueled by the theoretical importance of this phenomenon, but it is also because understanding the processes by which fear is diminished is critically important to the development of effective treatments for various anxiety disorders.
At the behavioral level of analysis, early models of learning suggested that extinction was due to the "'unlearning'" of the CS-US association (e.g., Rescorla & Wagner, 1972) . However, the unlearning account of extinction has failed to gain acceptance because of behavioral studies in which performance to an extinguished CS recovers without subsequent retraining of the CS-US association. For example, responding to an extinguished CS often recovers over time, a phenomenon referred to as spontaneous recovery. Further, pretest administration of the US, or some other stressful experience, also can lead to the recovery of performance to an extinguished CS, a phenomenon referred to as reinstatement.
Finally, testing subjects in a context different from that in which extinction occurred can also lead to a return of performance, a phenomenon referred to as renewal. Thus, it is now widely accepted that extinction involves the learning of a second, competing association that inhibits the expression of the original association (i.e., CS-noUS vs. CS-US; for review, see Bouton, 2002) .
At the neural level, recent models of extinction have suggested that the reduced responding observed following extinction is due to an inhibition of amygdala activity via the medial prefrontal cortex (mPFC; Hobin, Goosens, & Maren, 2003; Quirk, Russo, Barron, & Lebron, 2000; Sotres-Bayon, Cain, & LeDoux, 2006) . These models account for the renewal effect by suggesting that this inhibition of the amygdala by the mPFC is modulated by the hippocampus. This suggestion is consistent with the findings that show lesions of the hippocampus impair contextual learning (for review, see Anagnostaras, Gale, & Fanselow, 2001) . Direct evidence for this suggestion is provided by Maren and colleagues (Corcoran & Maren, 2001 , 2004 Ji & Maren, 2005) , who have shown that reversible inactivation of the dorsal hippocampus alleviated the renewal effect.
Although the experimental study of extinction has attracted an increasing amount of attention, at both the behavioral and the neural level, the developmental approach to studying the process of extinction has been largely overlooked. Behavioral data indicate that young rats are impaired in learning about context (Brasser & Spear, 2004; Pugh & Rudy, 1996; Rudy, 1993; Rudy & Morledge, 1994) . This deficit has been taken as evidence that the hippocampus is a late-maturing structure and as support for the view that the developing rat is a "natural lesion" preparation (Fanselow & Rudy, 1998) . Therefore, one could predict that young rats may not show a contextual modulation of extinction as is observed in adult rats. This developmental approach not only provides a unique way of assessing the processes involved in extinction but also is important because of the long-held, widely accepted belief that early learning experiences have a profound impact on later behavior (e.g., Harlow, 1959; Mineka & Zinbarg, 2006) . Nadel (1985, 1999) , for example, suggested that fear acquired early in development is particularly resistant to the effects of extinction and forms the basis of anxiety disorders emerging later on in life. However, we know very little about extinction of fear early in development.
In an early study that used an avoidance procedure, Campbell and Campbell (1962) reported that postnatal day (PND) 23 rats show a similar rate of extinction as adult rats. There have only been a few other studies that have examined extinction in the developing rat since that time (e.g., Nair, Berndt, Barrett, & Gonzalez-Lima, 2001; Richardson, Tronson, Bailey, & Parnas, 2002) , and these studies have not systematically explored whether phenomena like renewal and reinstatement occur in the young animal. In a recent study, Yap and Richardson (unpublished data) examined extinction of conditioned fear to an olfactory CS in PND 16 and 23 rats. They reported that when rats were tested 24 hrs later in a different context from that in which extinction occurred, PND 16 rats failed to exhibit renewal whereas PND 23 rats exhibited renewal of extinguished fear. One explanation for their finding is that PND 23 rats were able to learn about the extinction context, whereas PND 16 rats could not. However, if contextual information modulates the extinction memory in adult rats, then the absence of information on the extinction context should have rendered the extinction memory inaccessible (Delamater, 2004) . Thus, an alternative account of the failure to see renewal in PND 16 rats is that extinction caused an unlearning of the original CS-US association in PND 16 rats. As renewal was taken as evidence against the unlearning account of extinction in adult rats, the absence of renewal may suggest unlearning as a potential mechanism underlying extinction in PND 16 rats. It was also recently reported that unlearning could be a mechanism for mediating extinction in adult rats when the time interval between conditioning and extinction training was short (for more detail, see Myers, Ressler, & Davis, 2006) .
In the present study, we further examined the unlearning account as a possible explanation for extinction in the developing rat with an auditory CS. There are three main reasons for extending this finding to an auditory CS. First, it is critical that the finding reported by Yap and Richardson (unpublished data) be replicated given its potential significance (i.e., a developmental difference in the processes mediating extinction). Second, few, if any, studies of renewal in adult rats have used an olfactory CS. Therefore, the use of an auditory CS in the present study should facilitate comparisons to previous findings with adult rats. Third, there are examples of where olfactory cues are processed differently than are nonolfactory cues (e.g., Weber & Richardson, 2004) . We also examined another manipulation that has been shown to affect extinction in adult rats independent of the context. Specifically, pretest injections of the gamma-amino butyric acid (GABA) receptor inverse agonist FG7142 have been shown to reverse extinction by reducing the inhibitory activity of GABA, thereby retrieving the original fear memory (e.g., Harris & Westbrook, 1998) . As GABA is the dominant inhibitory neurotransmitter in the mammalian central nervous system (Haefely, 1990) and is critical for extinction (Davis & Myers, 2002; Hobin et. al., 2003) , such findings support the idea of extinction as new inhibitory learning rather than unlearning. In the present study, we ask whether there was a developmental dissociation in the effects of pretest injections of FG7142 on extinction. Finding that such injections affect performance in PND 23 rats but not in PND 16 rats would further support the possibility of an unlearning account of extinction in PND 16 rats and that there is a fundamental difference in the mechanisms mediating extinction at different stages of development.
General Method

Subjects
All experiments used naive Sprague-Dawley derived rats, bred and housed in the School of Psychology, University of New South Wales. Rats were either PND 16 or 23 at the start of experiment. All rats were male, and no more than 1 rat per litter was used per group. Rats were housed with their littermates and mother in plastic boxes (24.5 cm long ϫ 37 cm wide ϫ 27 cm high) covered by a wire lid. Animals were maintained on a 12-hr light-dark cycle (lights on at 6 a.m.) with food and water available ad libitum. 
Drug Injections
Injections of either FG7142 or vehicle were given subcutaneously (nape of the neck). Rats were weighed before injection, and all injections were given at a volume of 2 ml/kg in a room next to the test room. FG7142 was dissolved in 0.9% w/v sterile saline with one drop of Tween 80 added per 5 ml of saline. Saline with Tween 80 added was used for vehicle injections. In all experiments, injections occurred 10 min prior to testing, and in all experiments, except Experiments 2C and 3C (dose-response experiments), FG7142 was injected at a dose of 10 mg/kg.
Apparatus
Two types of experimental chambers were used to provide different contexts. One type was a set of two identical chambers that were rectangular (13.5 cm long ϫ 9 cm wide ϫ 9 cm high), with the front wall, rear wall, and ceiling constructed of clear Plexiglas. The floor and side walls consisted of 3-mm stainless steel rods set 1 cm apart. Two high-frequency speakers were located 8 cm from either side of the chamber. A custom built constant-current shock generator could deliver electric shock (0.6 mA, 1 s) to the floor of each chamber as required. A tray of bedding was placed 10 cm below the grid floor. Each chamber was housed within a separate wood cabinet so that external noise and visual stimulation were minimized. A red light-emitting diode (LED) located on the cabinet door was the sole source of illumination in these chambers. A low, constant background noise (50 d〉, measured by Bruel Kjaer sound-level meter, type 2235, A scale) was produced by ventilation fans located within the cabinets. These chambers were wiped with tap water, and the bedding was replaced after each experimental session. The second type was a set of two identical chambers that were rectangular (30 cm long ϫ 30 cm wide ϫ 23 cm high) and wholly constructed of Plexiglas, with the exception of the grid floor that was the same as in the first set of cages. Instead of bedding, a clear Plexiglas sheet (35 cm ϫ 35 cm) was placed beneath the grid floor. All the walls were transparent, except for the two side walls that consisted of vertical black and white stripes (5 cm each). Two high-frequency speakers were mounted on the ceiling of each of these chambers. Each chamber was housed within a separate wood cabinet so that external noise and visual stimulation were minimized. A white LED and a red LED located on the cabinet door were the sole sources of illumination in these chambers. A low, constant background noise (48 d〉) was produced by ventilation fans located within the cabinets. Thus, these two sets of contexts differed primarily in terms of their size and in their visual features. The CS was a white noise; noise level in the chambers was increased by 8 dB when the CS was presented. A computer controlled all presentations of the CS and the footshock US. The software and hardware used were developed at the University of New South Wales.
In Experiments 1-2, the use of these two sets of experimental chambers were counterbalanced. In Experiment 3, all training occurred in the first type of chamber and testing always occurred in the second type.
Procedure
Training. Rats were placed in an experimental chamber, and after a 2-min adaptation period, the CS was presented for 10 s. The shock US (0.6 mA, 1 s) was administered during the last second of the CS. PND 23 rats received three pairings of the CS and US in all experiments, whereas PND 16 rats received six pairings in Experiments 1-2 (in an attempt to equate levels of freezing) and only two pairings in Experiment 3 (in an attempt to increase spontaneous forgetting). The intertrial interval (ITI) ranged from 85 s to 135 s with a mean of 110 s. After the last trial, when 30 to 60 s had elapsed, rats were returned to their home cages.
Extinction. The extinction session commenced 24 hr after training and consisted of the presentation of 30 CSs in the absence of shock. After a 2-min adaptation period, the 10-s CS was presented with a 10-s ITI. The extinction session lasted 12 min. After the last trial, when 30 to 60 s had elapsed, rats were returned to their home cages.
Testing. Rats were placed in an experimental chamber, and their baseline level of freezing in the absence of the CS was recorded for 1 min. The CS was then presented, and freezing was recorded for 2 min. All test sessions were videotaped. Freezing was scored by a time sampling procedure whereby each rat was scored every 3 s as freezing or not freezing. Freezing is defined as the absence of all movement other than that required for respiration (Fanselow, 1980) . A second scorer unaware of the experimental condition of each rat scored a random sample of all rats tested (40%). The interrater reliability was very high (r Ͼ .95).
Baseline criterion for CS tests. CS-elicited freezing is difficult to detect if rats display high baseline levels of freezing. Therefore, a baseline criterion was introduced. Specifically, if a rat was freezing more than 50% of the pre-CS period in test, it was removed from the freezing chamber without the CS being presented and returned to its home cage. After 5-10 min, the rat was returned to the experimental chamber for a second test of baseline freezing. This was repeated until the baseline level of freezing was less than 50% or until three baseline freezing tests had been conducted. Two rats from the vehicle-same group in Experiment 2A, 1 rat from the vehicle-different group in Experiment 2B, 1 rat from the 1-mg/kg group in Experiment 2C, and 1 rat from the vehicle group in Experiment 3B did not meet the baseline criteria after three baseline tests and so were not tested.
One-way analysis of variance (ANOVA) revealed significant group differences in baseline freezing levels at test in Experiment 1. No other significant baseline differences were found in the other experiments. Because of the baseline difference in Experiment 1, statistical analyses of performance at test were done with analysis of covariance (ANCOVA; with baseline scores as the covariate); for consistency, this statistical procedure was followed in all experiments (Table 1 displays the baseline freezing levels for each group in all experiments). The same results were obtained, however, whether the data were analyzed with ANOVA or ANCOVA in all experiments.
Experiment 1
Using an odor CS, Yap and Richardson (unpublished data) reported that PND 23 rats display renewal of extinguished fear, whereas PND 16 rats maintain the expression of extinction regardless of the context of test. Experiment 1 aimed to replicate this finding by using an auditory CS. We predicted that PND 23 rats would exhibit renewal of extinguished fear, as assessed by freezing, when tested in a context different from that in which extinction training occurred. The question of primary interest was whether PND 16 rats also exhibit this renewal of fear or whether they express extinction regardless of the test context. 
Method
A 2 ϫ 2 factorial design was used, in which the first factor was age (PND 16 or 23) and the second was test context (same or different from the extinction context). The same groups were in either an AAA or an ABB condition-that is, half of the subjects were conditioned, extinguished, and tested in Context A, whereas the other half were conditioned in Context A and then extinguished and tested in Context B. The different groups were in an ABA condition (conditioned in Context A, extinguished in Context B, and tested in Context A).
On Day 1, all rats were given pairings of the auditory CS and the shock US. On Day 2, the learned fear of the CS was extinguished by giving repeated nonreinforced presentations of the CS. On Day 3, the rats were tested in either the same context or in a different context from that in which they had received extinction trials.
Results and Discussion
One rat from the 16 -different group was excluded from the statistical analysis because it was an outlier at test (SD ϭ 4.5 away from the group mean). Rats at both ages exhibited substantial levels of freezing on the first minute (a block of three trials) of extinction (Ms ϭ 65% and 76% for PND 16 and 23, respectively; see Figure 1 ). By the last block of extinction, substantially less freezing was seen in both age groups (Ms ϭ 20% and 22% for PND 16 and 23, respectively). A mixed-design ANOVA of these data yielded a significant main effect of block, F(1, 30) ϭ 60.66, p Ͻ .0001, but no main effect of age, F(1, 30) ϭ 1.39, p ϭ .248, or testing context (F Ͻ 1). Further, there were no significant interactions.
The mean and standard error of the mean (SEM) levels of freezing on test are shown in Figure 2 . PND 23 rats tested in the same context as that in which extinction occurred exhibited quite low levels of freezing, whereas those tested in a different context exhibited substantially higher levels of freezing. That is, rats this age exhibited renewal. In fact, the performance of those rats tested in the different context was comparable to that seen on the first block of extinction trials (i.e., renewal of fear was complete). In contrast, both PND 16 groups showed very little freezing at test; that is, rats this age did not exhibit renewal. ANCOVA confirmed this description of the data; there was a significant main effect of age, F(1, 29) These data show that rats trained at PND 23 exhibit renewal of an extinguished fear response, whereas rats trained at PND 16 do not. This pattern is the same as that observed by Yap and Richardson (unpublished data) with an olfactory CS, suggesting that the failure to see renewal is a general effect in PND 16 rats. Furthermore, PND 23 rats tested in the same context as extinction exhibited slightly elevated levels of freezing compared with their freezing levels at the end of extinction suggestive of short-term spontaneous recovery. This elevation was absent in PND 16 rats.
Experiment 2
The results of the first experiment in this study, as well as those reported by Yap and Richardson (unpublished data) , indicate that there might be a developmental difference in the contextual modulation of extinction. Specifically, PND 23 rats exhibit a pattern of performance similar to that observed in adult rats (i.e., renewal), whereas PND 16 rats exhibit context-independent extinction (i.e., no renewal). The failure to see renewal in PND 16 rats suggests that extinction may be causing unlearning in these rats. Alternatively, PND 16 rats may lack the contextual information to modulate the expression of extinction memory. In Experiment 2, we examined these two accounts by asking whether this apparent developmental difference in the processes mediating extinction was restricted to contextual modulation of extinction. Adult rats given a pretest injection of FG7142 exhibit a recovery from extinction regardless of the context of test (Harris & Westbrook, 1998) . Further, this finding was taken as strong evidence against the unlearning account of extinction.
Therefore, in Experiments 2A and 2B we aimed to replicate Experiment 1 and also to test the effects of a pretest injection of FG7142 in PND 23 and 16 rats, respectively. Given the findings of Experiment 1, we expected FG7142 to modulate extinction per- formance in PND 23 rats but not in PND 16 rats. In Experiment 2C, we tested different doses of FG7142 in PND 16 rats.
Method
Experiments 2A and 2B. PND 23 and PND 16 rats were used in Experiment 2A and 2B, respectively. A 2 ϫ 2 factorial design was used for each experiment, in which the first factor was drug (vehicle or FG7142), and the second was testing context (same or different from the extinction context). The procedures were the same as in Experiment 1, except that rats were given an injection of vehicle or FG7142 10 min prior to test.
Experiment 2C. Four groups of PND 16 rats were conditioned on Day 1. Three groups then received extinction training on Day 2, whereas the remaining group received context exposure only to serve as a nonextinguished control. On Day 3, all groups were tested in the same context as Day 2. Ten min before testing, rats in the nonextinguished control group received an injection of vehicle, and the rats in the three extinguished groups received an injection of FG7142 at a dose of 1, 5, or 10 mg/kg.
Results and Discussion
Experiment 2A. All groups exhibited substantial levels of freezing on the first block of extinction (M ϭ 80%), which significantly decreased by the last block (M ϭ 21%). A mixeddesign ANOVA of these data yielded a significant main effect of block, F(1, 38) ϭ 154.41, p Ͻ .0001, but no main effect of drug, F(1, 38) ϭ 3.08 p ϭ .087, or testing context (F Ͻ 1); there were no significant interactions between these factors.
The CS-elicited levels of freezing on test are shown in Figure  3A . Rats tested in a context different from the extinction context or those injected with FG7142 prior to test exhibited high levels of freezing. Statistical analyses confirmed these descriptions of the results. ANCOVA revealed a significant main effect of testing context, F(1, 38) ϭ 9.35, p Ͻ .005, and a Testing Context ϫ Drug interaction, F(1, 38) ϭ 5.72, p Ͻ .05. The main effect of drug approached significance, F(1, 38) ϭ 3.44, p ϭ .072. Subsequent post hoc comparisons, with Tukey's HSD procedure, indicated that rats in the vehicle-same group exhibited significantly less freezing than did rats in all the other groups ( p Ͻ .005) and that the other groups did not differ significantly. These results replicated those reported for this age group in Experiment 1, as PND 23 rats exhibited renewal of extinguished fear. In addition, these results demonstrate that rats this age exhibit a return of fear if given a pretest injection of FG7142. Finally, these results show that adding these two treatments (i.e., context change and pretest FG7142) does not lead to further increases in recovered fear in PND 23 rats.
Experiment 2B. One rat from the FG7142-different group was excluded from the analysis because it was a statistical outlier at test (SD ϭ 3 away from the group mean). All groups exhibited substantial levels of freezing on the first block of extinction (M ϭ 75%), which significantly decreased by the last block (M ϭ 28%). A mixed-design ANOVA of these data yielded a significant main effect of block, F(1, 34) ϭ 233.57, p Ͻ .0001, but no main effect of drug (F Ͻ 1), or testing context, F(1, 34) ϭ 1.28 p ϭ .265, and there were no significant interactions between these factors.
All the PND16 rats exhibited relatively low levels of freezing at test (i.e., extinction). There was no effect of test context or of drug injection at this age (see Figure 3B ). Statistical analyses confirmed these descriptions of the results. ANCOVA showed no effect of testing context, F(1, 34) ϭ 1.24, p ϭ .27, or drug (F Ͻ 1), or Testing Context ϫ Drug interaction (F Ͻ 1). These results replicated those reported for this age group in Experiment 1 as PND 16 rats did not show renewal. In addition, these results show that rats this age do not exhibit a return of fear when given a pretest injection of FG7142.
Experiment 2C. All extinguished groups exhibited substantial levels of freezing on the first block of extinction (M ϭ 66%), which significantly decreased by the last block (M ϭ 11%). A mixed-design ANOVA of the extinction data yielded a significant main effect of block, F(1, 20) ϭ 101.26, p Ͻ .0001, but no effect of group (F Ͻ 1), and no significant interaction of these factors.
Rats in the nonextinguished control group displayed substantial levels of freezing to the CS at test, showing that rats this age retain the CS-US association over the 2-day retention interval (see Figure 4) . In contrast to the performance of the control rats, those rats in the three extinguished groups exhibited much lower levels of freezing, regardless of the dose of FG7142 injected prior to test. Subsequent statistical analysis confirmed these descriptions of the data. ANCOVA of CS-elicited freezing yielded a significant main effect of group, F(3, 26) ϭ 7.49, p Ͻ .001, and post hoc comparisons, with Tukey's HSD procedure, showed that the control group exhibited significantly more freezing than did the other three groups ( p Ͻ .005), which did not differ from one another.
Taken together, the results of Experiment 2 replicate the finding of Experiment 1 that PND 16 rats fail to exhibit renewal, whereas PND 23 rats do exhibit renewal. Further, the results of Experiment 2 demonstrate for the first time that pretest injection of FG7142 does not affect the extinguished fear response in rats trained at PND 16, whereas it restores the extinguished fear response in rats trained at PND 23. From this latter finding, it would appear that developmental differences in the processes mediating extinction are not restricted to the contextual modulation of extinction and supports the idea that extinction in PND 16 rats may reflect unlearning of the original CS-US association. As with Experiment 1, PND 23 rats tested in the same context as extinction exhibited slightly elevated levels of freezing compared with their level of freezing at the end of extinction, suggestive of short-term spontaneous recovery. As in Experiment 1, this effect was absent in PND 16 rats.
Experiment 3
Experiments 1, 2A, and 2B demonstrate that PND 16 rats show context-independent extinction, whereas PND 23 rats show context-specific extinction. Furthermore, pretest injections of FG7142 recovered extinguished fear memory in PND 23 rats, which is consistent with previous findings that used adult rats (Harris & Westbrook, 1998) . However, FG7142 had no effects in PND 16 rats. From this it would appear that PND 23 rats behave just as adult rats do in regard to extinction-pretest FG7142 injection and a change in context allows for retrieval of the original CS-US association. On the other hand, PND 16 rats appear to be different, showing neither of these effects-even across a range of doses of FG7142.
There are at least two potential explanations for the failure to observe a return of fear in PND 16 rats given a pretest injection of FG7142. The first is that the underlying processes involved in extinction are different in PND 16 rats compared with those in older rats. This difference is not restricted to the contextual modulation of extinction but may be more fundamental (i.e., unlearning), as evidenced by the lack of FG7142 effects. The second is that infant rats may not be affected by FG7142 in any situation. In Experiment 3, we tested this latter possibility by examining whether pretest injection of FG7142 alleviates spontaneous forgetting in PND 16 rats. It has been previously found that GABA activation is important in alleviating spontaneous forgetting in young rats. Kim, McNally, and Richardson (2006) paired an auditory CS with footshock in PND 18 rats. These rats displayed robust freezing to the CS the next day but exhibited considerable forgetting over a 10-day retention interval. In subsequent experiments, Kim et al. (2006) reported that after the 10-day interval, rats given a pretest injection of FG7142 exhibited significantly more freezing to the CS compared with rats given a pretest injection of vehicle. However, rats in that study were tested at PND 28. Therefore, it is possible that the rats tested at PND 18 in Experiments 2B and 2C simply were not affected by FG7142. Therefore, in Experiment 3 rats were given an abbreviated training session at PND 16 and then were tested at PND 18. The results of Experiment 3A showed that these training procedures produced a CS-US association that was forgotten rapidly in rats this age, and, thus, in Experiment 3B we examined whether injections of FG7142 prior to test would alleviate this forgetting. Finally, in Experiment 3C we characterized the dose-response properties of this alleviation of forgetting.
Method
Experiment 3A. Two groups of PND 16 rats received two pairings of the auditory CS with the shock US. One group was tested immediately (3-8 min) after conditioning, and the other group was tested 48 hr after conditioning (i.e., at PND 18).
Experiment 3B. Two groups of PND 16 rats were conditioned as in Experiment 3A. At PND 18, rats received a pretest injection of either vehicle or FG7142 (10 mg/kg).
Experiment 3C. Four groups of PND 16 rats were conditioned and tested as in Experiment 3B. Prior to test, they received a pretest injection of either vehicle or FG7142, at a dose of 1, 5, or 10 mg/kg.
Results and Discussion
Experiment 3A. The mean and SEM levels of freezing on test are shown in Figure 5A . Rats displayed substantial freezing to the CS immediately after training, but 48 hr later the level of freezing was significantly reduced. ANCOVA of CS-elicited freezing yielded a significant main effect of retention interval, F(1, 13) ϭ 7.49, p Ͻ .001.
Experiment 3B. The mean and SEM levels of freezing on test are shown in Figure 5B . ANCOVA revealed that group FG7142 froze significantly more after the 48-hr retention interval than did group vehicle, F(1, 12) ϭ 11.38, p Ͻ .01. This result shows that pretest injections of FG7142 significantly reduced spontaneous forgetting in rats tested at PND 18 (i.e., the same age at which pretest FG7142 injections were found to be ineffective in reducing extinction in Experiments 2B and 2C). As there was no significant group difference in baseline levels of freezing, t(13) ϭ 0.37, p ϭ .72 (see Table 1 for more detail), the effect of pretest FG7142 cannot be attributed to the drug simply causing freezing-like behavior. Further evidence that pretest FG7142 does not produce a nonassociatively mediated sensitization of freezing is provided by a latent inhibition experiment reported by Kim et al. (2006) . Experiment 3C. One rat from group vehicle was excluded from the statistical analysis because it was an outlier at test (SD ϭ 4.5 away from the group mean). The mean and SEM levels of freezing on test are shown in Figure 5C . It appears that pretest administration of FG7142 dose-dependently alleviated spontaneous forgetting. ANCOVA yielded a significant linear trend, F(3, 28) ϭ 8.44, p Ͻ .01. Subsequent post hoc comparisons, with Tukey's HSD procedure, showed that rats given 10 mg/kg FG7142 exhibited significantly higher levels of freezing than did rats given a pretest injection of vehicle ( p Ͻ .05); there were no other significant group differences.
General Discussion
The present experiments examined the effects of context manipulations and pretest injections of FG7142 on extinction in the developing rat. Experiment 1 showed that PND 23 rats display renewal of extinguished fear when tested in a different context from which they had received extinction training, whereas PND 16 rats expressed extinction regardless of the test context. In other words, the older rats exhibited renewal of an extinguished fear response, whereas PND 16 rats did not. This finding is consistent with a recent report by Yap and Richardson (unpublished data) with an olfactory CS. Experiments 2A and 2B replicated this finding and also showed that pretest injections of FG7142 led to the recovery of extinguished fear in PND 23 rats but not in PND 16 rats, even across a range of doses (Experiment 2C). The lack of a FG7142 effect in PND 16 rats in an extinction procedure cannot be attributed to a general lack of responsiveness to this drug in rats of this age as it was found to be effective at alleviating spontaneous forgetting in PND 16 rats (Experiments 3B and 3C). Taken together, these results suggest that the processes mediating extinction may be qualitatively different across development. The processes mediating extinction in PND 23 (and adult) rats is susceptible to context manipulations and pretest alterations in GABA activity, whereas those processes mediating extinction in PND 16 rats are not influenced by either.
The developmental dissociation in extinction found in the present study has important theoretical and practical implications because the loss in conditioned responding in PND 16 rats may be indicative of the unlearning of the original CS-US association. The early unlearning accounts of fear extinction (e.g., Rescorla & Wagner, 1972) were rejected on the basis of the findings of spontaneous recovery, reinstatement, and renewal. Additionally, the FG7142-induced recovery of an extinguished fear response in adult rats was taken as strong evidence for extinction being new learning that inhibits the original fear response (Harris & Westbrook, 1998) . The failure to observe FG7142 effects or renewal in PND 16 rats in the present study raises the possibility of unlearning as the underlying mechanism of extinction in rats early in development. Further, we have obtained additional evidence in support of this idea through the use of the reinstatement paradigm (Kim & Richardson, unpublished data) . In that study, PND 16 and 23 rats were trained to fear a white-noise CS, which was subsequently extinguished by nonreinforced presentations of the CS (the parameters used were identical to those in the present study). Some rats received a pretest reminder that consisted of a single presentation of a reduced-intensity US. This reminder was effective in reinstating extinguished fear in PND 23 rats (Experiment 1 and 2). In contrast, PND 16 rats failed to show the reinstatement effect in either experiment. The failure to observe a postextinction reinstatement effect in the PND 16 rats was not due to a general ineffectiveness of the reminder treatment at that age because it did alleviate spontaneous forgetting (Experiment 3). This finding, together with the present results, supports the notion that unlearning could be involved in extinction processes early in development. No one has yet examined spontaneous recovery in the developing rat, and finding a developmental dissociation in such an effect would further support the idea of unlearning as the possible extinction process in rats early in development.
The present findings are also interesting in light of current neurobiological models of extinction. As noted previously, these models maintain that fear extinction, at least in adult rats, involves a circuit between the hippocampus, amygdala, and mPFC (Davis & Myers, 2002; Hobin et. al., 2003; Quirk et. al., 2000; SotresBayon, Bush, & LeDoux, 2004; Sotres-Bayon et. al., 2006) . This idea is supported by studies showing either impaired or modulated extinction performance in rats with mPFC lesions (Capriles, Rodaros, Sorge, & Stewart, 2003; Morgan, Romanski, & LeDoux, 1993; Santini et al., 2004) . Further, a growing body of neurophysiological evidence suggests that the mPFC inhibits the amygdala by activating GABAergic interneurons during the expression of extinction (for review, see Hobin et. al., 2003) . The hippocampus has been incorporated as a critical feature in this neural circuit, responsible for the context-specificity of extinction. Indeed, there are both inhibitory and excitatory hippocampal projections to the mPFC (Carr & Sesack, 1996; Ishikawa & Nakamura, 2003) . Thus, current neurobiological models of extinction state that the hippocampus inhibits or excites the mPFC and thereby modulates the expression of learned fear depending on the test context. According to these models, the reliable occurrence of renewal and the observed FG7142 effect in PND 23 rats in the present study (Experiments 1 and 2A) suggest that the hippocampus-mPFCamygdala network is able to function in an adult-like manner in rats by PND 23. Using FG7142, we have demonstrated that extinction in PND 23 rats is also mediated by GABA, the critical neurotransmitter in the hippocampus-mPFC-amygdala network model of extinction in adult rats (Davis & Myers, 2002; Harris & Westbrook, 1998; Hobin et. al., 2003) . Specifically, FG7142 may have diminished GABAergic inhibitory activity directly in the amygdala or through mPFC projections to the amygdala and thereby permitted retrieval of the original fear memory in PND 23 rats in our study. Similarly, a shift in context from that in which extinction occurred may have triggered the inhibitory projections from the hippocampus to the mPFC, preventing the inhibitory input normally applied on the amygdala following extinction and thereby causing renewal in PND 23 rats. Although it appears that extinction in PND 23 rats is essentially adult-like, as it is contextspecific and GABA-mediated, the specific age at which the hippocampus-mPFC-amygdala network begins to be functional in an adult-like manner remains to be determined.
In contrast to PND 23 rats, neither a change in context nor pretest injections of FG7142 produced a recovery of the extinguished fear response in PND 16 rats (Experiments 1, 2B, and 2C). This finding suggests that the neural circuit that mediates extinction in PND 16 rats may be functionally and/or structurally different from that involved in older rats. If the same hippocampusmPFC-amygdala circuitry is involved in extinction in these rats, then the present series of experiments suggests that the hippocampus may not exert modulatory effects on the mPFC at this age, as evidenced by the failure to observe renewal in PND 16 rats (Experiment 1 and 2B). This failure could be due to the delayed maturation of the hippocampus (Wilson, 1984) or to the delayed development of projections between the hippocampus and the mPFC. Future studies are required to test these possibilities.
However, the failure to observe a recovery from extinction in PND 16 rats following pretest injections of FG7142 would not seem to be amenable to an explanation that focuses on the delayed maturation of the hippocampus. It was shown that reducing GABAergic inhibition by pretest injection of FG7142 failed to recover an extinguished fear response in PND 16 rats (Experiment 2B and 2C) . Such a finding suggests that GABAergic inhibition (especially that occurring in the amygdala) may not be involved in the processes mediating extinction in rats early in development. According to the current neurobiological models of extinction, the GABAergic inhibition in the amygdala is mediated by the mPFC in adult rats (for review, see Hobin et. al., 2003) . Thus, the lack of FG7142 effect found in the present study questions the involvement of the mPFC in extinction in PND 16 rats. In fact, no one has yet examined the role of the mPFC or the amygdala in the modulation of an extinguished fear response in the developing rat. Therefore, a possible alternative account for the present results is that a different neural circuit mediates extinction in PND 16 rats. This idea that a different neural circuit may mediate extinction in younger compared with older rats is indirectly supported by a number of findings. For example, the amygdala does not participate in odor-shock associative learning early in development (i.e., prior to PND 12; Sullivan, Landers, Yeaman, & Wilson, 2000) . Hence, it is possible that the role of the amygdala in extinction learning (CS-noUS) emerges even later in development. Further, the mPFC is a late-maturing structure (e.g., the cortical layers of the mPFC attain their adult proportional width around PND 24; Van Eden & Uylings, 1985) , although the adult-like innervation of the PFC by the amygdala begins at around PND 11 (Bouwmeester, Wolterink, & Van Ree, 2002) . If unlearning is involved in extinction in the developing rat, it is likely that these neurophysiological changes in development are responsible for such fundamental developmental differences found in extinction processes. Further studies of extinction that use the developing rat appear crucial, especially considering the potential significance of finding that different processes mediate this fundamental process at different stages of development. Additionally, the developmental approach provides unique opportunities to assess the neurobiological processes underlying extinction and its related phenomena.
